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A study was made of diatoms at the Ogryudeung sand bar, one of four sand 
bars at the lower part of the Nagdong river estuary. Diatoms on or in superficial 
sediment were collected along a transect on the intertidal mudflat on 4 October 1987. 
Physico-chemical conditions of the superficial sediment" were examined at the same 
time. 
The diatoms from 8 sediment samples were separated into 92 taxa. Nine species 
had over 2.5% relative abundance: Achnanthes haukiana, Navicula capitata var. 
hungarica, Nav. dulcis, Navicula sp. 048, Amphora lwlsatica, Amphora sp. 029, 
Nitzschia paleacea, Nit. punctata var. minor, Nitzschia sp. 029. These nine taxa 
accounted for 62% of sampled diatoms. Diatom assemblages were divided into 
epipelic and epipsammic associations. The epipsammic association was character-
ized by Ach. haukiana, Nav. capitata var. hungarica and Amp. holsatica and the 
epipelic association by Nav. dulcis and Navicula sp. 048. The algal standing crops 
at 8 sampling sites showed a definite variation along with topographical features and 
sediment texture. 
Appropriate water conditions permit attached or benthic algae to survive and 
reproduce on or in various kinds of substrata. Intertidal mudflats and salt marshes 
along coasts and estuaries are especially suitable habitats for diatoms and other 
microalgae associated with sediment, since sufficient light is available there. These 
microalgae account for some of the most important primary producers and are the 
source of organic food for many invertebrates within or on sediment. 
In Korea a large area of mudflat or salt marsh spreads along the west coast and 
river estuaries. The distributional pattern of benthic diatoms has been reported by 
several investigators (SHIM and CHo, 1984; KIM and 0Ho, 1985; 0Ho and KIM, 
1988). Sediment texture or water content was considered to be one of the important 
factors regulating the benthic algal biomass and taxonomic composition. Large or 
small differences in species composition in algal assemblages were recognized 
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between habitats with similar environments. 
In the present study we investigated the biomass and species composition of 
benthic diatoms along a transect line with various topographical feature on an 
intertidal mudflat in the Nagdong river estuary, in order to clarify the relationship 
between physico-chemical conditions of the superficial sediment and the diatom 
assemblages. 
STUDY AREA AND MATERIALS AND METHODS 
This study was carried out on the northern intertidal mudflat of the 
Ogryudeung sand bar in the Nagdong river estuary on 4 October 1987 (Fig. 1). The 
topographical features of the transect line (Fig. 2) include a creek 30 em deep in the 
middle of this line. Both sides of the creek were covered with Phragmites australis 
o~ Scirpus maritimus communities. 
Samples of superficial sediment were collected from 8 sites at 2-m intervals 
along the transect (Fig. 2): Sediment texture of the samples was determined by 
sedimentation analysis after oxidation with 6% hydrogenperoxide~ solution 
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Fig. 1. Map showing the study area (rectangular region) of the intertidal mudflat 
(dotted area) at the Nagdong river estuary, Korea. Cross and triangular symbols 
indicate Scirpus maritimus and Phragmites australis communities, respectively. 
Solid circles represent the sampling sites. 
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and distilled water (1 : 5, by weight). Sodium and potassium in the samples were 
extracted with 1 N ammonium acetate solution, and then measured using a flame 
photometer (Corning 410). Total nitrogen was determined by the micro-Kjeldahl 
method, and organic carbon by the ferrous ammonium acetate titration method after 
digestion with sulphuric acid and potassium dichromate (GAUDETTE and FLIGHT, 
1974). The species composition of the diatom assemblages was studied after treat-
ment of the samples by CHO and KrM's procedure (1988) ; the frustules were then 
identified and counted. II! addition chlorophyll a and pheopigment were measured. 
RESULTS 
Physico-chemical conditions of the sediment samples are shown in Table 1. 
The silt-clay content gradually decreased in salt marshes of both sides toward the 
bottom of the creek (Sites 3, 4, 5: see Fig. 2). Organic matter shown by ignition 
loss, organic carbon, total nitrogen, potassium, sodium and conductivity all showed 
distribution patterns according to the relative height of the sampling sites. That is, 
they were lower at the sand-rich sampling sites (sites 3, 4, 5) and higher at the 
silt-clay rich sites. Overall physico-chemical factors of the samples were closely 
related to topographic features (Fig. 2) and sediment texture. 
The standing crop of functional chlorophyll a ranged from 2.1 to 5.0 pgjcm2 
and non-functional pheopigment from 2.1 to 9.0 pg/cm2 (Fig. 2). These two pig-
ments showed the same distribution pattern along the height of the transect line. 
Total chlorophyll a and pheopigment were both higher in silt-clay rich sediments, 
suggesting that the muddy habitat may be more stable than the sandy habitat; 
sediment and diatoms in the lower sampling sites may be washed out by tidal 
current. 
12,670 diatom cells were counted in 8 samples obtained from superficial sedi-
ment. These were identified to 92 taxa, and 10 could not be identified with the 
Table 1. 
Physico-chemical characteristics of sediment in Ogryudeung, 
Nagdong river estuary, on 4 October 1987 . 
Item 
Sampling site 
1 2 3 4 5 6 7 8 
Silt-clay content (%) 38.3 22.1 7.2 4.1 13.3 25.8 36.5 42.3 
Conductivity (mSjcm) 1.83 1.64 . 1.10 1.90 1.72 2.08 2.25 1.95 
Sodium (mg Najg) 4.36 2.59 1.89 2.62 2.88 3.38 4.27 5.28 
Potassium (mg K/g) 0.37 0.24 0.15 0.16 0.30 0.29 0.36 0.41 
Total nitrogen (mg N(g) 1.09 0.54 0.45 0.18 0.26 0.42 0.62 0.56 
Organic carbon (mg C(g) 6.30 3.39 2.02 2.17 2.27 3.60 5.18 6.59 
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Fig. 2. Topography of the sampling transect, and chlorophyll a (dotted bars) and 
pheopigment (stippled bars) contents of superficial sediment at the sampling sites. 
available literature. The relative abundance of the 92 diatom taxa is shown in 
Table 2 and Fig. 3. Nine taxa had a relative abundance of 6; 2.5% : Achnanthes 
haukiana, Naviaula capitata var. hungarica, Nav. dulcis, Naviaula sp. 048, Amplwra 
lwlsatica, Amplwra sp. 029, Nitzschia paleacea, Nit. punctata var. minor, Nitzschia 
sp. 029. These taxa accounted for 10% of total species, but 62% of total cells. 
Ach. haukiana, Nav. capitata and Amp. lwlsatica predominated on sand-rich sedi-
ment, while Nav. dulcis and Naviaula sp. 048 preferred muddy sediment. The other 
4 dominant taxa did not reveal distribution patterns associated with sediment 
texture. However Nit. punctata and Nitzschia sp. 029 were restricted to one 
sampling site covered by a Phragmites community. Diatom taxa below 2.5% 
relative abundance, including the unidentified taxa, are listed in Table 2 ; these did 
not show a consistent distribution pattern along the transect line. 
The morphology of the dominant and unidentified diatom taxa are shown in the 
Plates. The morphology of Ach. haukiana (Plates 7-10) and Ach. delicatula (Plates 
12-13), which can show a similar habitat preference, can be confused from the raphe 
valve. view. Ach. delicatula had denser and .radial striae on the raphe valve, and 
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Table 2. 
List of benthic diatoms collected from sediment at Ogryudeung, 
Nagdong river estuary, on 4 October, 1987. 
Taxa accounting for between 0.5 and 2.5% by number 
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Oyci<Jtella atomu.s Hust. 
Cyc. meneghiniana Klitz. 
Cyc. stelligera 01. et Grun 
Fragilaria sp. 10 
Navicula cryp~phala var. veneta (Klitz.) 
Fra. sp. 14 
Achnantlws delicatula Klitz. (Grun.) 
Ach. lemmermanni Hust. 
Ach. minutissima Klitz. 
Navicula contenta Grun. 
Nav. crucicula var. cruciculoides {Brock.) Lang. 
Rabh. 
N av. gregaria Donk. 
Nav. menisculus Schum. 
Nav. tenera Rust. 
Nav. sp. 23 
Nav. sp. 92 
Pinnularia ambiyua 01. 
Cymbella yentricosa Kiitz. 
Amphora angusta (Greg.) C!. 
Nitzschia palea {Klitz.) W. Sm. 
Taxa accounting for less than 0.5% by number 
Melosira distans (Ehr.) Klitz. 
Mel. granulata (Ehr.) Ralfs 
Mel. varians Ag. 
Fragilaria crotonensis Kit. 
Synedra vaucheriae Klitz. 
Syn. vaucheriae var. capitellata Grun. 
Asterionella gracillima (Hantz.) Heib. 
Achnanthes linearis (W. Sm.) Grun. 
Ach. hungar-ica Grun. 
Ach. lancealata (Breb.) Grun. 
Oocconeis placentula var . .uglypta (Ehr.) C!. 
Navieula alpha Cl. 
Nav. bacillum Ehr. 
N av. bahusiensis Grun. 
N av. clement.is Grun. 
Nav. crypwcephala Klitz. 
N av. decussis Ostr. 
Navicula erifuga Lang. 
Nav. forcipata var. densestriata A.S. 
N av. marina Ralfs 
Nav. mutica Klitz. 
Nav. schroeterii Meist. 
Nav. viridula var. rostrata (Klitz.) Cl. 
Oai<Jneis fenzlii (Grun.) Patr. 
Gomphonema pawulum (Klitz.) Klitz. 
Oymbella affine Klitz. 
Gym. sinulata Greg. 
Amphora co.ffeaeformis Ag. 
Amp. montana Krass. 
Amp. sabyii Salah 
Nitzschia dissipata (Klitz.) Grun. 
Nit. tryblionella var. levidensis (W. Sm.) Grun. 
Nit. sp. 29 
Taxa occurring in small number 
Paralia sulcata (Ehr.) Cl. 
Oyci<Jtella comta (Ehr.) Klitz. 
Fragilaria construens var. binodens (Ehr.) 
Grun. 
Fra. construens var. venter (Ehr.) Grun. 
Synedra pulchella (Ralfs) Klitz. 
Plagiogramma brockmannii Rust. 
Achnanthes brevipes var. intermedia (Klitz.) Cl. 
Ach. exigua var. heterovalvata Krass. 
Navicula arenaria var. rostellata Lang. 
Nav. elginensis var. neglecta (Krass.) Patr. 
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Table 2. (Continue) 
Navicula psmJ,dony Hust. 
Nav. pupula Klitz. 
Nav. tridentula Krass. 
N av. trivial is Lang. 
Nav. sp. 93 
Neidium ampliatum {Ehr.) Kram. 
Pinnularia borealis var. rectangularis Carl. 
Gomplwnema clevei Fricke 
Gom. olivaceoides Rust. 





Amphora turgida Greg. 
Bacillaria paradoxa Gmel. 
Cylindrotheca gracilis (Breb.) Grun. 
Nitzschia amphibia Grun. 
Nit. apiculata (Greg.) Grun. 
Nit. navicularis (Breb.) Grun. 
Nit. punctata (W. Sm.) Grun. 
Nit. romana Grun. 





Amphoka sp. 29 
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Fig. 3. Relative abundance by number of important benthic diatoms associated with 
sediment along the sampling transect. 
denser and striae with narrow width on the pseudo-raphe valve than Ach. haukiana. 
In addition Ach. delicatula had widely separated striae on one side of the pseudo-
raphe valve. These morphological differences between the two taxa were always 
consistent. Nav. dulcis, which closely resembles Nav. perminuta Grunow 
(KRAMMER and LANGE-BERTALOT, 1986), had a distinct hyaline space at the valve 
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apex. This taxon showed a wide morphological variation in the study area (Plates 
14-19). Amplwra sp. 029 (Plate 30) was separated from Amp. lwlsatica (Plate 29) 
depending on whether there was one puncta line on the ventral side of the valve. 
Furthermore, striae puncta on the dorsal valve were not distinct on Amp. lwlsatica. 
DISCUSSION 
In the superficial sedill\ents of the intertidal mudflat at Ogryudeung sand bar, 
microalgal assemblages were composed almost exclusively of diatoms, other microal-
gae not occurring at significant levels. Although almost all benthic diatoms were 
small pinnate species, the assemblages showed quite different species compositions 
along the height of the transect line (Figs. 2 and 3). Dominants could be classified 
into epipsammic and epipelic taxa. Ach. haukiana and Amp. lwlsatica were typical 
epipsammic diatoms (KrM and Cao, 1985). 
Positive relationships were recognized between physico-chemical factors (Table 
1). The silt-clay content showed the highest variation among these factors. 
Chlorophyll a and pheopigment were lower at sand-rich than at silt-clay rich sites 
(Table 1 and Fig. 3). Many frustules in sand-rich sediments were allochthonous, 
and did not survive. These results suggest that the biomass of benthic algae and 
accumulation of allochthonous algae as well as silt-clay were decreased due to 
stronger tidal washing than at silt-clay rich sites. 
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Plate. 1. Cyclotella stelligera Cl. et Grun. 
Plate. 2. Fragilaria sp. 10 
Plate. 3. Fragilaria sp. 14 
Plates. 4-5. Achnanthes minutissima Kiitz. 
Plate. 6. Achnanthes linearis (W. Sm. ) Grun. 
Plates. 7-10. A chnanthes haukiana Grun. 
Plate. 11. Achnanthes lemmermanni Rust. 
Plates. 12-13. Achnanthes delicatula Kiitz. (Grun. ) 
Plates. 14- 19. NavU:ula dulcis Patr. 
Plate. 20. Navicula sp. 93 
Plate. 21. NavU:ula capitata var. hungarica (Grun.) Ross 
Plate. 22. Navicula sp. 23 
P late. 23. Navicula cryptocephala var. veneta (Kiitz.) Rabh. 
P late. 24. NavU:ula sp. 92 
Plate. 25. NavU:ula tenera Rust. 
Plate. 26. NavU:ula clementis Grun. 
Plate. 27. NavU:ula schroeterii Meist. 
Plate. 28. NavU:ula sp. 48 
Plate. 29. Amphora holsatica Rust. 
Plate. 30. Amphora sp. 29 
Plate. 31. Amphora libyca Ehr. 
Plate. 32. Caloneis fenzlii (Grun. ) Patr. 
Plate. 33. Nitzschia punctata var. minor Hust. 
Plate. 34. Nitzschia romana Grun. 
Plates. 35- 36. Nitzschia paleacea Grun. 
Plates. 37-40. Nitzschia sp. 26 
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